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PRINCIPLES AND METHODS OS 1 RATING AND TESTING 
CENTRIFUGAL SUPERCHARGERS 
By Herman H. Ellerbrock, Jr. and Arthur W. Goldstein 



SUMMARY 



A discussion of the general principles involved in 
the rating and testing of centrifugal superchargers, a 
statement and discussion of present standard methods in 
rating and testing, and reasons for the adoption of these 
standards are given. 

INTRODUCTION 



There are several considerations from which, the value 
of a supercharger may he determined. First, it may he 
rated with the object of improvement of design* Second, 
it nay he rated in such a way that its optimum operating 
conditions may he determined. Third, it may he so rated 
as to facilitate comparison with another supercharger as 
(l) a pressure booster, (2) a compressor, or (3) a power 
booster for internal-combustion engines. 

If the supercharger is to be rated from considera- 
tions of improvement of design, it is obvious that no one 
standard of rating can be set up, inasmuch as the rating 
used depends upon the question being investigated. A 
method of rating the supercharger is needed, however , 
that will permit the investigation of each part of the 
supercharger separately in order to evaluate its particu- 
lar e f f e ct on the performance of the whole machine . In 
contrast to this method is the method by which the super- 
charger is rated as an engine accessory. In this case 
the over-all performance is desired and the ducts to the 
cylinders should be included in the supercharger test 
rig, although the addition of these ducts to the set-up 
may obscure the actual operation of the impeller and dif- 
fuses The limitation for this type of rig lies in the 
fact that certain details of the engine set-up may prevent 
accurate measurements of the air-stream condition; thus, 
it is necessary to .modify such a rig and at the same time 
to maintain its essential features. No investigation of 
these Questions has been made to date by the NACA # 

The supercharger has been considered, in work that 
has been done thus far, chiefly as a pressure-producing 
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instrument. The ratings that have "been used are "based on 
the pr es sur e— producing capacity of the supercharger. The 
test rig used has been designed to determine the perform— 
ance of impeller, diffuser., and collector case as a whole, 
the duct system necessary in actual installation "being 
neglected, The work done so far, therefore, can be con- 
sidered only as the first step in a program for investi- 
gating the possibilities for improvement of design. A 
variable— component set— up now in use "by the HACA will per- 
mit .separate evaluation of the impeller, the diffuser, 
and the impeller— diffus er- combination. 



BASIS OF PHBSBST SUPERCHARGER RACINGS 



She work done "by a supercharger on the air passing 
through it is done "by the one moving part — the impeller. 
The torque on the shaft is equal to the rate -of change of 
moment of momentum of the gas, if the torque due to drag 
of the supercharger housing, is neglected. 

The following symbols will he used in the equations 
of this s ect ion : 

T torque on shaft, poundal—f eet 

\m moment of momentum of gas, pound (mass) feet 2 per 
second 

t time, seconds 

r distance from axis of rotation, feet 

w work done by impeller per unit mass of gas, foot— 
poundals per pound (mass) 

co angular velocity of shaft, radians per second 

V velocity of impeller tip, feet per second 

Vg component of velocity of gas in direction of velocity 
of impeller at distance r from axis, feet per 
second, 

dm element of mass, pound (mass) 

¥ mass flow per unit time, pound (mass) per second 

Subs cr ipt s : 

1 impeller inlet 

2 impeller t ip 



s 



Iho moment of momentum of an element of macs is 

dp. = .(rVg ) dm 

Por a given element of gas, * dm is constant "but rV 
changes* Ihe increase in dp. for an element is . 



dm 



If average values for Vg t and V g are assumed at "both 

the inlet and the Impeller tip, the increase in moment of 
momentum per unit mass is 

4 (£0 ' iT *».i 

The increase in moment of momentum per unit time is equal 
to the torque 

T . WA (§0= « (..T^ - r x T etj ) 

The shaft-power input is 

*r - TO) = V(U (r,T e - p x V e ) = V (v s T g . - 7^ ) 



since 



Eho work done por unit mass is therefore 

• ■ (V^ - Y.T,^) 

If there are a great numher of thin "blades , the rela- 
tive velocity of the gas with respect to the "blades will 
he parallel to the "blades. If these "blades are radially 
directed at the impeller tip, the tangential component of 
the velocity of the gas will equal the tip velocity 




Suppose, further, that the velocity at the entrance has no 
tangential component, or that V = 0. Then, 

i 

v = Y 2 2 

In order to convert the expression into practical units 
from absolute units, 

w = V 2 2 /g « V 2 /g 

where w is work in foot-pounds per pound (mass). 

Thus, V 2 /g is the work per pound of air put into 
the supercharger with an infinite number of "blades with 
radially directed tips and with no tangential component 
of velocity at the entrance* It includes such losses as 
heat, friction, etc, except for the effects of friction 
with the case. In a machine with the foregoing sp ecif ica- 
tions this amount of work would equal the maximum amount 
of energy per unit mass that could "be imparted to the gas 
"by the machine. If such a machine were perfect, the con- 
version of the work V 2 /g would result in a pressure 
ratio that would "be the highest attainable at the speed 
Y "by a supercharger with radially directed blade tips. 

In an actual machine , owing to the fact that there is 
8, finite number of "blades , which causes relative circula- 
tion, to the fact that t he inlet velocity has a t angent ial 
component that causes shock losses, and to the fact that 
friction losses exist, the pressure ratio actually attained 
is less than that theoretically possible from the perfect 
machine described previously. A means of comparing the 
actual pressure r,.at io with that x^hich could be theoretic- 
ally obtained witfi a perfect machine of the foregoing 
specifications has been found in the use of the pressure 
coefficient. The pressure coeffi cient is the ratio of the 
energy obtained from a supercharger, if the compression 
is adiabatic and frictionless and if the energy is evalu- 
ated at the same pressure ratio as that actually attained, 
to the energy that could be obtained from a perfect ma- 
chine of the foregoing specifications operating at the 
same speed as the actual machine. * 



V 
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Th^ energy obtained from a supercharger, if the com- 
pression is adiabatic and frictionlcss and if the energy 
i s evaluated at the sane pre s sure rat i o as that actually 
attained, nay he derived as follows: The steady-flow en- 
ergy equation, if the effect of gravity is negligible, is 

V z 

dh g + d ~|~ = dq + dw (1) 

.(See the appendix for definitions of symbol soused herein- 
after.) If no heat is gained or lost "by the gas in pass- 
ing through the supercharger, then dq » 0. The work 
done by the supercharger on unit nass of gas is therefore 



w = / dw = 



(h s + 7 g S / 2 ) (2) 



The foregoing equation and the subsequent derivations 
may he simplified by the introduction of total or stagna- 
tion values of the gas properties, which eliminates the 
velocity tern. If a moving stream is stopped, kinetic en- 
ergy is used in creating a' pressure and temperature rise. 
If the process is a reversible adiabatic, there is no en- 
tropy increase and, the final state reached by the gas is 
called the stagnation state; the values of E, S, I, p, 
and h corresponding to this state are called the stagna- 
tion, or total, values. 

In order to calculate the change of state, the steady- 
flow energy equation of thermodynamics is employed with 
the effect of gravity being assumed negligible 

-r 2 

7 g 





As no energy is added to the gas during the process, 

dq = dw = 0 

The two foil owing equations for the change are therefore 
obtained 



5 t 

as = o 

and ^ o 



J 



ah + / a -4- = o 



s g 



The integration of "both equations gives 

s t = s s 



and 



For a perfect gas 



la = c p S 



The te ripe rat tire corresponding to the total state is there- 
fore 

V 3 

I t =T s+ -IL (3) 

For an isentropic change, it is known that 

7-1 
V 

t7 = Vp7 J 

therefore 

V-l 



t - s 



The static pressure p s is obtained with a static tube, 
\fhereas the total presstire is obtained with a pitot tube. 
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Equation (2) may now "be simplified as follows by 
means of the definition of total enthalpy: 




dh t = h ta - h ti = H = c p (T 3t - T lt ) (5) 



By definition 



and 



therefore 



dh = dS + d(pv) (6) 
SdS = dE + pdv (7) 



dh a TdS + vdp (8) 
As a result, equation (5) becomes 



w = 



T t dS t + / Y t d Pt < 9) 



Hot all of this work can he regarded as useful., The 
work that increases the entropy is wasted as is the o:crra 

work of conpre s si on / vdp 9 which i s due 1 0 the increased 

temperature caused by the increase in entroyy of the gas» 
The useful work performed by the supercharger is, accord- 
ing to eqitation (9), 



-ad - / 



Useful work ~ w . a 

v t ad d ?t < dS = 0) 

where v+ is the specific volume for isentropic com- 
ad 

pression, 

The value of / Vfc a dpt is not obtained according 

to the actual process that takes place, but according to 
an adiabatic i sentr opic process ■» It is evident , there - ' 
fore, that the final state reached by adiabatic isentropic 
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conpression is not that which is reached in the actual 
conpression process. As a result, the upper limit for 

the integral / v. dp. is not determined. Ihe present 

ad 

practice is to regard the final pressure of the air .as 
the important factor and to regard as useful that work 
which is necessary to produce the given pressure rise. 
Hence, the final pressure of the isentropic process is de- 
fined as that of the actual process. The corresponding 

tenperature Cj. is less than that actually reached, T^. , 
ad s 

»ad = J • r t a a dpt (dS = 0) (10) 

Pron equation. (S) for any isentropic process, 

*t. 

dh t » / v t dp t (dS = 0) (11) 




P 



out 



t. 



dh t » ht ad - h ti = H ad (12) 



The foregoing equation represents the isentropic increase 
in total enthalpy. 

?ron equations (10) , (ll) , (12), the folloxiring equa- 
tion is obtained: 



P t 3 



»ad - / n ad 4Pt « H ad = c P (*t ad ~ *t 4 ) 



(13) 



Ihe useful work input to the gas per unit nass is, there- 
fore, H ad . 



For an isentropic compression, 
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t 



ad 



and 



Y-l 



H 



ad 
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If Cp is in 3tu per pound per F, the factor J, 778 
foot-pound per Btu, is required to express H a ^ in foot- 
pounds per pound (mass). 

The pressure coefficient is defined as 



It is seen from the foregoing discussion that, if H a ^ is 
regarcieci as the useful work output, q a £ is the ratio of 

the useful work output to the maximum work output that 
can he obtained from a radially bladed machine operating 
at the sane tip speed. Because V s /g does not represent, 
the actual work input, q ad is not an efficiency rating 
hut might he more legitimately regarded as a capacity rat- 
ing. It is called a coefficient. 

The adiahatic efficiency is defined as the ratio of 
the useful energy received by the gas to the net energy 
increase of the gas, The total energy increase includes* 
in addition to the useful energy received, energy that is 
useless and that may therefore be regarded as a loss. 
This energy loss is due to eddies, skin friction, disk 
friction, and shock waves. 

The through-flow energy equation is 



c ^ad 



" v 3 /g 



dw = dq, + dh^ 



(14) 
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The net increase in gas energy is 



The adia"batic efficiency is given "by 



ad 



u ad „ "ad 15 1 



H T + - T + 



3?< 



V-l 



(!*£) 

1 lS/ 



~ 1 



The shaft efficiency is the ratio of the useful ener- 
gy received by the gas to the total energy input to the 
gas. It involves, in addition to the losses mentioned in 
the definition of T] a d» th e heat loss from the super- 
charger to the surrounding atmosphere* The total energy 
input to the gas is equal to the shaft power required minus 
the hearing losses. From this definition and equation 
( 14 ) it can he seen that 



P = V ( j" dq dht) 



(15) 



or 



P = W (H + q) 

where q is the heat lost per. pound of gas. 
efficiency is defined as 



The shaft 



W H 



ad 



(16) 



Inasmuch as the rating value for a supercharger 
changes with the condition of its operation, all the rat- 
ing values should he given with the appropriate operating 
conditions. In order to plot these data graphically, the 
variables upon which these ratings depend must he found* 
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An exact analysis, which would eliminate the necessity 
for making tests, is not practicable; therefore the meth- 
od of dimensional analysis is used. In order to apply 
this method, it is necessary first to find upon what pri- 
mary variables the operat ion depends and then to use the 
analysis to reduce the number of these variables . 

Theoretically, it is possible to use the Euler equa- 
tion of hydrodynamics, the equation of continuity, and 
the equation of state of the gas for frictionless flow 
( p v^ = K) to obtain the adiabatic work E a 4 for friction- 
less f low . The result ttf ould be an equat ion of the form 



Other variables involving the number of blades, their 
shape, and other factors depending, upon the geometry of the 
supercharger would also be involved . but , for a given su- 
percharger, they would be constants and not variables. 

In the actual case, various losses must be taken into 
account because the losses reduce the available H ad _. In 
flow through a pipe, there is an increase of entropy de- 
termined by the equation 



The friction factor f is a function of the Reynolds num- 
ber and of the roughness of the pipe. At the high Reynolds 
numbers that occur in the flow of air through the impeller 
and the diffuser, the factor f is practically a constant. 
The velocity involved in this less is, in the impeller, 
proportional to the quantity Q/D 2 . In the diffuser, the 
important component of the velocity is the tangential com- 
ponent, which is approximately proportional to V, the 
tip speed. The friction loss is given as a funct ion of 
Q,, Y, and D. This friction loss takes into account the 
turbulence losses. The further losses due to shock waves 
increase if the fluid exceeds the local velocity of sound 
and are due to the compressibility of the fluid. The com- 
pressibility can be represented by the velocity of sound 
(reference l). The Mach number V/a is an index of this 
loss. Windage losses and leakage losses do not involve any 
variables not yet considered. Since V is a constant for 
for air, for a given supercharger with losses the perform- 
ance may be represented by some formula as 



H ad - f V > D > V . T ) 



J 



/ TdS = f 



2 



/ 
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According to the dimensional method of analysis, the 
function on the right-hand side of the equation is ex- 
panded into an infinite series, each term of which con- 
tains a dimensionless constant multiplied by the product 
of all the variables , each raised to a different power* 
These powers vary from term to term, "but dimensional con- 
siderations show that the resultant dimensions of each 
term (in powers of the primary dimensions: mass, length, 
and time) must he the same and must he equal to the dimen- 
sions of the left-hand side of the equation. The result 
is three conditional equations for the exponents of each 
term, which establish certain relations between the ex- 
ponents that allow the variables to be grou-ped, thus com- 
bining the original variables into two groups that may be 
regarded as the variables against which the performance 
may be plotted, 

All the variables in this equation are dimensionless. 

The procedure for the calculation of is appli- 

cable to the calculation of E, so that the 'ratio of 
H ad /H may be stated as 

n ad = f (i, m) 

The detailed derivation of this equation may be obtained 
from references 2 and 3* It is easily seen that in 
the last formula may represent any dimensionless parame- 
ter describing the action of the supercharger, such as 
the pressure ratio. It has been assumed that the effect 
of variation of heat transfer on the supercharger parame- 
ters is small; as a result this factor will be ignored, 
even though it is present, in much the same manner as the 
effect of changes of the Reynolds number have been neg- 
lected because of the small resultant changes in super- 
charger performance. The validity of the heat-transfer 
assumption is now being invest iga ted at the Langley Memor- 
ial Aeronautical Laboratory. If the heat losses are neg- 
lected, the aforementioned formula for r\^^ is quite 
general and similar formulas may be obtained for ri gf 
<lad* an< ^ pressure ratio. 
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The. velocity of sound in a gas is proportional to the 
square root of the product of V, E, and T (reference 4). 
In the correlation of the data for a given supercharger, 
7, E, and D are constants, so that the test results may 
"be plotted according to the equation 

T) - f (q/n, T//I) 

where V is equal to TrDn , If it is assumed that the ef- 
fect of inlet temperature on the Ilach number is small, the 
following formula is evolved. It is the one in present- 
day use : 

. 7] = f (Q/n,V) 

This equation means that the performance of the super- 
charger T) is plotted against the load coefficient Q/n 
as a' variable, with the impeller tip speed V as a param** 
eter. There is the possibility that the factor ^ I may 
affect the results sufficiently to prevent the "best corre- 
lation of data; for example, a change of the inlet-air 
temperature from 70° 3? to 100° P corresponds to a change 
of 600 rpm with an original impeller speed of 20,000 rpra 
for a constant Ilach number. 

If it is assumed that 



H ad °r) T i Y N 

lad = ^ = py^ = *i ^ ■ V 



then for a given tip speed and volume O^Y is a constant 
or 

T X Y = 519,6(Y) 60 

On this premise the pressure ratio at 60° P is calculated. 

It is to "be noted that, if the dimensionless ratio 
p^/px had "been used instead of the. dimensionless ratio 
q a(i in the relat i on ship 

"Pa/Pi 88 *» U/n, V) 

the result would have been a constant value for P s /Px 
for siven values of volume flow and tip speed, regardless 
of inlet temperature. This same result is obtained if the 
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factor l/y T is not neglected in the Hach number, regard- 
less of whether Ps/Pi or <lad ^ s used in the derivation. 
Tests are now "being conducted at the Langley Ilemorial Aero- 
nautical Laboratory to determine which assumption "best 
agrees with test results. 

T3ST EXaS 



If a supercharger is rat ed with the purpo se of eval- 
uating its parts in order to improve design, tests must 
he planned to permit the separate evaluation of each of 
the parts; a rating involving other part s of the super-, 
charger may well obscure the actual values of the parts 
being rated. If, for instance, a number of impellers have 
been te.sted with a given diffuser and one of these has been 
found to be definitely more efficient, a rating involving 
the impeller-dif f user combinat ion being used, this higher 
efficiency may possibly be due to the impeller-dif fuser 
combination^. It is possible that an inferior impeller may 
show up as superior \*hen combined with the correct dif- 
fuser. 

Host of the tests previously conducted by the ITACA 
for the purpose of standardization of procedure have been 
aimed at the testing of the entire combination of impeller, 
diffuser, collector case, and housing of the supercharger 
with no thought of cylinder ducts, carburetor, and other 
engine installation accessories. The chief concern in de- 
signing any test rig is that it phall permit accurate 
measurements of the air-stream condition in front of and 
behind the supercharger. Difficulties already encountered 
in obtaining test results that agree in various laborato- 
ries have been caused by improper test rigs as well as by 
improper or faulty instrumentation of the rig. 

Care must be taken in any test rig to obtain pressure 
and temperature measur ement s in a plane where the air 
stream is homogeneous and where there is no axial circula- 
tion to give incorrect pitot-tube readings. In order to 
establish a practically homogeneous flow, it is necessary 
that a sufficient length of straight pipe be upstream and 
downstream of the measurement planes. Although there is 
reason to doubt the general usefulness of the rule, an at- 
tempt is usually made to have a straight section of pipe 
12 pipe diameters long in front of each measurement plane. 
If the cross section of the pipe is rectangular, this 
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length is made twelve times the smaller dimension of the 
cross section. A straight section of pipe at least 3 pipe 
diameters long should follow the outlet measurement planes* 
I he measurement plane in the inlet duct is twice the small- 
est dimension of the cross section of the duct from the 
inlet flange of the supercharger housing. At this loca- 
tion it has generally been found that there is- no swirl in 
the air stream, although rotation does exist closer to the 
impeller, and that the inlet temperatures are not affected 
by" the hot case or backflow of the air. Total-pressure 
and temperature readings are taken by inserting the meas- 
uring devices into the stream a distance equal to one- 
third of the distance across the stream. If the flow is 
practically homogeneous, measurements taken as indicated 
will give readings that are about average for the cross 
section . 

Measurements are generally taken in two outlet pipes 
at a distance 12 pipe diameters from the discharge port 
flange as previously mentioned. It has been shown in one 
case that a pipe length of 20 pipe diameters was. not suf- 
ficient to eliminate rotation. The best procedure in the 
light of present knowledge is to conduct a preliminary 
survey of the air stream to determine if it is uniform. 
If it is not uniform, single readings obtained in any one 
pipe cannot be used. In addition to the fact that the 
stream may not be uniform in any one pipe, its uniformity 
may vary so much from pipe to pipe, that data taken in two 
pipes may not give a representative picture of the aver- 
age stream condition for the supercharger. The importance 
of this variation is illustrated by unpublished results 
of tests conducted at the Langley Memorial Aeronautical 
Laboratory. In these tests, seven of the outlet ports of 
the collector case were plugged and the remaining seven 
were connected by discharge stacks of unequal length to a 
collector ring. Data were taken in two of the stacks 12 
pipe diameters from the supercharger di s charge port s ♦ 
That these data were not sufficient to obtain a true 
stream picture is indicated by the fact ( that measurements 
subsequently taken in all seven pipes 3 pipe diameters 
from the discharge ports showed variations in pressure of 
0,9 inch of mercury. 

A test rig for the separate evaluation of theparts of 
a supercharger has be en ,de signed and built, This rig is 
known as the variable-component supercharger test rig; 
general views of the test rig are shown in figures 1 and 
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2, Two diagrammatic sketches of the rig are shoiirn in fig- 
ures 3 and 4 % . The test rig proper consists of a collec- 
tor, the front half of which is torus-shaped and in which 
are placed an impeller, a diffuser, and an inlet adapter 
to which the inlet, pipe is attached, The large collector 
forms a chamber into which the air is discharged from the 
diffuser and in which the pressure is equalized* Two long 
pipes are attached to the collector and form the outlet 
ducts* These pipes are long enough to permit measurements 
to he made in them according to the standards described 
in this paper. These outlet pipes are connected to large 
bends which, in turn, connect by means of long straight 
pipes to a common outlet placed beneath the rig. Throttle 
valves are placed in both the inlet and the outlet to reg- 
ulate the flow and pressure* The impeller is driven 
through a gear box by some unit, which in figure 5 is an 
internal-combust i on engine, A dynamometer is to be pre- 
ferred to an internal-combustion engine because the speed 
variation with a dynamometer is small. A large orifice 
tank, with either a thin-plate orifice or a nozzle in pne 
end to measure the quantity of air, is attached to the in- 
le:t, pipe. The large box shown in figures 1 and 2 around 
the collector is lagged; as a result, heat loss from the 
rig to the air is negligible. The outlet pipes are also 
lagged. Several views of the component parts of the rig 
are shown in figures 5, 6, and 7, Measurements of pres- 
sures and temperatures in the inlet and outlet pipes are 
made in positions determined by standards described in 
this paper for testing the combination of impeller, dif- 
fuser, collector case, and housing. 

Inasmuch as few tests have been made to date on this 
rig, questions as to the uniformity of flow and similar 
quest ions cannot be ans\*ered # It is thought, however, 
that this rig is more efficient than a rig with a number 
of discharge pipes attached to the supercharger collector 
case because it gives results th^t more truly represent 
the actual performance of the impeller and diffuser. 



MBASUHIHG IiTSTRUMllITS 



With regard to the use of nozzles or thin-plate ori- 
fices as metering obstructions for mass-flow measurements, 
J. I». Hodgson in a discussion of reference 5, which is 
published x*ith that article, states: "The writer is com- 
ing more and more to the view that, provided the metering 
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obstruction is accurately calibrated over the flow range 
. it matters little what simple form of measuring ob- 
struction is used It is self-evident that the 

more elaborate the contour of the metering obstruct i on is, 
the more difficult it will be to reproduce' it with accu- 
racy and make use of previous calibrations of similar me- 
tering obstructions. As is well known, very accurate re- 
sults can be obtained by means of a square-edged orifice 
in a thin plate , !l Experimental confirmation has been ob- 
tained by the HACA of the statement that equally accu- 
rate results can be obtained with either nozzles or thin- 
plate orifices. With thin-plate orifices, calibration 
curves are well known. In contrast to practice with noz- 
zles, small pressure differences must be used. A complete 
account of the use "of thin-plate orifices, including in- 
strumentation and a complete bibliography of the subject, 
is given in reference 6* For installations in which the 
air-measuring apparatus is placed at the exit of the test 
rig, 'the A.S,M,E. exit nozzle gives satisfactory results'. 

Although the design of the total-pressure tubes in 
use varies somewhat, test results show that good agreement 
exists between the various pitot tubes. An arrangement 
used to make a survey of the total pressure across a dxict 
is shown in figure 8. 

lov all-round usage, it appears that the pitot-static 
tube gives more reliable static-pressure measurements than 
the wall*- static tube , although carefully constructed wall 
taps with all burrs removed should give reliable results* 
The wall-static tubes apparently give results that are too 
high when rotation is present in the pipe. This explana- 
tion is supported by the fact that inlet wall-static meas- 
urements are better than those taken at outlets where much 
greater rotation might be expected. In fact, outlet wall- 
static measurements frequently show values greater than 
the total-pressure readings at low volume flows when ro- 
tation becomes an important part of the motion. The actual 
stat ic pressure at one -third of the duct width into the 
stream, however, would depend upon the amount of swirl and 
may not 9 therefore, be a much better indication of the 
true average value than that obtained by the wall tap. It 
is therefore an important matter that swirl be eliminated 
where possible and that pressure tubes be correctly orient- 
ed (not nece ssarily axially) . With swirl present, it is 
important to take several readings in each duct. 

As has been brought out in the standard test procedure 
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(reference 7), thermocouples are used, for measuring temper- 
atures* Temperature probes are now "being made to give ac- 
curate measurements of total temperature. The value of 
such probes is that, because their recovery coefficients 
are nearly equal to unity, the calculation of outlet total 
temperatures by means of static pressures of questionable 
accuracy is eliminated. Where an ordinary thermocouple is 
used, it should be calibrated in order to determine this 
coefficient . 

ffihe method of calibrating thermocouples is as follows: 
If a thermometer is placed in a moving air stream, it will 
read higher than the actual temperature because of the stag- 
nation of the air stream in its vicinity. If the adjacent 
layer were to be stopped entirely, the thermocouple would 
register the total temperature. Host thermometric devices 
do not recover all the kinetic energy and, as a result, 
instead of the reading being 

the device reads w B 



I 0 = T a + a IS- (17) 



3?or specially constructed thermometric probes, the coeffi- 
cient of recovery a is unity. lor thermometers and ther- 
mocouples a is more nearly 0.5 and 0 # 8, respectively • 

ffrosa equation (4) 




and the following equation is obtained: 

i s Y _ — 



(p t /p s ) 7 - i 



which, in turn, becomes from equation (17) 
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- 1/co (go - * s ) 



7-1 



- 1 



If the equation is solved for T B , 



or 



s 



1 + a 



7-1 

7 



- 1 



(18) 



(19) 



where Ap = P t - p g . 

It may "be shown from equations (4) and (18) that 



1 - (1 - a) 



and 



7-1 



(20) 



t ~ < 



(21) 



For all pract i cal purposes , equat ions (19) and (21 ) are ac- 
curate enough. If c- 0 and E are ^iven in Btu per °F 

per pound (mass), then, for conversion into absolute units, 
Jg Cp and Jg R should he substituted whenever these oc- 
cur. (Jg = 778 X 32.174 ft-poundals per Btu.) Observed 
temperatures can he used with little error to determine 
supercharger parameters if the air velocity does not ex>- 
ceed 200 feet per second in the inlet pipe and 260 feet 
per second in the outlet pipe. For greater speeds, errors 
of more than one-half percent will "be made in T) a ^ and 
Q x /n if the true-stream and total temperatures are not 
used* 



20 



I he constant a is determined in wind-tunnel tests* 
It has "been the custom of some laboratories to present 
the results of the calibration in the form of curves of 
I t /T 0 and T S /T Q plotted against the square of the Hach 

number. She method whereby a is determined from calibra- 
tion tests and its value subsequently used in equations 
(19) and (21) is thought to be simpler than the method 
whereby curves of T s /I 0 and T t/^o are u sed* Before the 
calibration to determine a is made, an ordinary calibra- 
tion of the thermocouple and recording device is made by 
putting the hot junction in a liquid bath and the cold 
junction in an ice bath* , Liquid-in-glass thermometers, 
accurate to within 0.2° 3P, are used to determine the hot- 
and cold- junction temperatures, 

Great care should be observed in taking temperature 
readings. Tests have revealed that differences in read- 
ings due to systematic errors of various operators can 
vitiate the care put into the good construction and cali- 
bration of a thermometric device. lest results can be 
noticeably in error due to this cause. 

In the standard test procedure (reference 7), it has 
been stated that pressure readings shall be taken to 0g05 
inch of mercury and temperature readings to within 0.5 F. 
s The 1IACA has reduced these tolerances in its test work to 
0.01 inch of mercury and 0.2° F. 

One method of setting the supercharger speed is by 
means of an electric tachometer * The speed is then 
checked by means of an electric revolution counter and a 
stop watch. After the speed is adjusted, a strobotac 
is set at the same speed and thereafter serves as a visual 
check that the speed remain fixed when the load is changed. 
Other methods of measuring speed are used, one laboratory 
obtaining speed with great accuracy by use of a precision 
liquid tachometer. 

, TEST PROCEDURE 



A standard test procedure in reference 7 gives satis- 
factory results. Another test procedure in general use 
that gives satisfactory results follows: 

1. Head temperatures to within 1° 3F . 
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2. Head pressures to within 0.1 inch, of mercury. 

3. Investigate and correct, wherever possible, the 

cause of disagreement "between repeat readings 
and original readings that do not agree within 
the given limits. 

For each test point, 

(a) Adjust speed, air flow, and throttle settings to 

the desired values. 

(b) Wait 5 minutes. 

(c) .Take a complete set of readings in an established 

sequence . 

(d) Wait until 5 minutes have elapsed from time of 

start of item ( c) . 

(e) Cake another complete set of readings in the es- 

tablished sequence. Use this set of readings 
in the calculation of performance of the super- 
charger. Compare the data obtained with the 
data of item (c) and evaluate the degree of 
stability or drift for the test point. 

(f) Reject or repeat any test point that shows a 

change in inlet temperature of ±2° E or of dyna- 
mometer speed exceeding ±10 rpm. 

The procedure given in reference 7 is to be preferred 
because of the short or t ime element involved . 



C0MPUTATI01T OF SUPERCHARGER PARAMETERS 



The true-stream and total temperatures, the pressure 
coefficients, the adiabatic efficiencies, and the adiabat~ 
ic shaft efficiencies are calculated from formulas that 
have been previously derived, the values of the constants 
in the formulas being given in the Symbols.. (See appendix..). 
The formulas with the constant values inserted have been 
given in refer enco 7 . 

The method of computing the volume of air through the 
orifice or nozzle placed in front of the supercharger has 
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"boon given in reference 7. The weight of air is calculat- 
ed from the formula 

V = P a- Q a = P * ^ (22) 
RT n 53.50 H n 

The volume of air at the inlet of the supercharger is 
obtained from the formula 

WIT, e 



p 70.73 
is 



or 



0 = 0 .7564 ¥ E 1B (23) 
X Pie 



since E = 53.50. 



The gas constants have boon obtained from- reference 5; 
normal air is assumed to "bo air at 68° IP with a relative 
humidity of 36 percent. For tests made during hot humid 
days, it is possible that the gas constants used will be 
sufficiently in error to cause an appreciable effect on the 
test results. The effect of a change in humidity on the 
gas constants find on several supercharger parameters has 
boon investigated (reference 8). In this report it is 
shown that the 
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Change in ^2*) = -0.00015 — (^) (m-36.5) 

Plt 60 \1 + —ii— tj Plt 60 

\ 519.6 /. 

whore m represents the humidity in grains per pound for 
the test condition and 36.5 is the humidity in grains per 
pound for normal air. In general, no correction is made 
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to the supercharger parameters for a change of humidity 
"but corrections should he made to the parameters for a 
change of humidity of approximately 55 grains per pound 
from that for normal air. The parameters are first calcu- 
lated according to the formulas given herein and correc- 
tions are then applied according to the foregoing formulas, 

GRAPHICAL METHODS OF PRESENTING SUPERCHARGER RATIHGS 



The practice at the present time is to present sepa- 
rate charts of q a &* "Had* an<a - Tig for eac]:i speed, at 
various load coefficients* (Sec figs* 9, 10, and 11.) 
Thus, if tests are run at speeds of 800, 1100, 1200, and 
1300 feet per second, 12 graphs will he required unless 
two or more speeds may he plotted without confusion on one 
chart. Usually this saving of space cannot he made he- 
cause the test points and curves are so close as to cause 
confusion* (The inclusion of the test points serves to 
give a rough idea of the reliability of the test curve by 
the frequency of points along sections of the curve and by 
their scatter.) The present standard method has the dis- 
advantage, then, that numerous graphs are required and it 
is therefore difficult to get a general picture of the 
operat ion of the supercharger . 

Another method of presenting data has been to plot 
E ad against for various values of tip speed and to 

superimpose upon this chart contour lines of adiabatic 
efficiency* (No curves of adiabatic shaft efficiency have 
been plotted in this method.) Thus, one chart could give 
a complete picture of the operat ion of the supercharger . 
Its advantage over the charts using q a ^ and Qi/n is 
that mult i pi i cat ion by the impell er speed spr eads out all 
the curves and makes possible the drawing of intelligible 
contour curves. A disadvantage of this method is that the 
effect of T x on E a ^ as predicted by dimensional theory, 
if the Mach number has little influence on the results, 
does not check experimental data. This question is being 
investigated. An example of such a plotting is shown in 
figure 12. 

Contour curves also serve the purpose of determining 
whether the data for a given curve are in agreement with 
the data of other curves, because the contour lines should 
be smooth* 
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The number of points on each curve for either method 
should be sufficient to eliminate incorrect fairing of 
curves due t o randoia error in test data* Special care 
should be taken to secure enough points to determine cor- 
rectly the maximum efficiency points of the curves. Ordi- 
narily from 10 to 15 points -suffice, out this number de- 
pends upon the length and shape of the curve and how the 
points are dis tr ibut ed . 



AFPEKD IX 
SYMBOLS 



a local velocity of sound, fps 

c-p specific heat of normal air at constant pressure, 

189*05 ft-lh/°37lh (mass), or 6082 ft-poundals/ J/lb 
( mas s ) 

D impeller diameter, ft 

E internal energy per unit mass, f t— pound als /lb (mass) 

F Proude number, ratio of inert ial force to centrifugal 
force (Q,/nD 3 ) 

g ratio of ah so lut e to gr avit at i onal unit of mass , 
lb /slug (32.174) 

PI increase in total enthalpy per unit mass, ft— lb/lb 
(mass ) , or ft— pound als /lh (mass ) 

Had isentropic increase in total enthalpy per unit mass 
for a given pressure ratio, ft— ib/lh (mass), or 
f t— poundals /lh ( mass ) 

h enthalpy per unit (mass), f t— poundals/lh (mass) 

J mechanical equivalent of heat, ft-lh/Btu (778) 

M Hach numher, square root of ratio of inert ial force 
to c ompr e s s i on force ( V / a ) 

m specific humidity , grains /lh 

n angular velocity of impeller, rps 
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P net shaft power (gross shaft power minus friction 
power ) , ft-lb/ sec , or f t-poundals/ sec 

p pressure (obtained from corrected barometric pressure 
and pressure readings), in* Hg abs. 

p a corrected "barometric pressure, total pressure of dry 
air and water vapor (corrected for temperature), 
lb/so ft 

Q, volume flow , cu ft /sec 

q heat lost or gained by 1 pound of gas flowing through- 
supercharger , f t-poundals/lb (mass) 

3-ad Pressure coefficient 

E gas constant for normal air, ft -lb/lb (mass)/ 0 ? (53.50) 

S entropy, f t~poundals/lb (mass)/ 0 ? 

I temperature, °1 abs. ( °P 4- 459 .6) 

V impeller t ip spe ed , fps 

velocity of fluid, fps 

v specific volume of fluid, cu ft/lb 

W flow rate , lb/ sec 

w work done by impeller, f t-poundal s/lb (mass) 

X-i 

-a recovery coefficient of thermomotric device 

7 ratio of specific heat at constant pressure to spe- 
cific heat at constant volume for normal air 
(1.394?) 

Ap kinetic prossiire, in. Hg (p - p ) 

Xt s 

T) ad adiabatic t empcraturc-r i so ratio or adiabatic effiency 
T| Q adiabatic shaft efficiency 



26 



Q, x /n load coefficient, cu ft/impeller revolution 
Subscript s: 

1 condition at inlet of supercharger 

2 condition at outlet of supercharger 
n nozzle or orifice 

o observed value 

s static or true- stream value (except in symbol T) s ) 

t total or stagnatiqn y a luc 

For example, T ls is the absolute static temperature 
of the air at the inlet of the supercharger. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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Figure 1*« Side 



view ©f variahle^coaqponent supercharger test rig, 




Figure 2 - Hear vim of variable-component supercharger test rig. 




FigureS Diagrammatic sketch of front view of variable -component supercharger test rig. 
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Figure 4 Diagrammatic sketch of side view of variable - component supercharger test rig. 
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figur© 5 - Side v/ew of variable-component supercharger test rig* 
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figure 6 - Rear half 



of collector showing impeller in position. 
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Figure Rsar half of collector showing impeller dif£user,and inlet adapter in position, 
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Figs. 8, 12 
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- Characteristics of Pratt & Whitney 1830 supercharger* 
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Figure 9 
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Pressure coefficients *of Pratt and Whitney Twin Wasp 1830 supercharger 
from NACA tests. 
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o Impe Her speed 1 7000 rpm (tip speed, 816 ft/sec) 
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Figure 10.- Adiabatie temperature rise ratios of Pratt and Whitney Twin Wasp 1830 
supercharger from NACA tests. 
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o Impeller speed, 1 1000 rpm (tip speed, 528 fl/sec)__ 
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o Impeller speed, 13000 rpm (tip speed ,624 ft/sec)_ 
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Figure 11 - Adiabatic shaft efficiencies of Pratt and Whitney Twin Wasp 1830 
supercharger from NACA tests. 
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